Matrix metalloproteinases (MMPs) play an important role in the pathogenesis of atherosclerosis, the pathology underlying the majority of coronary artery disease (CAD). In this study we tested the hypothesis that polymorphic variation in the MMP genes influences the risk of developing atherosclerosis. We analyzed functional polymorphisms in the promoter of the MMP-1, MMP-3, MMP-9 and MMP-12 genes in 183 Brazilian Caucasian individuals submitted to coronary angiography, of which 67 (37%) had normal coronary arteries (control group) and 116 (63%) had CAD (CAD patient group). The -1607 1G/2G MMP-1, -1171 5A/6A MMP-3, -1562 C/T MMP-9, -82 A/G MMP-12 polymorphisms were analyzed by PCR followed by restriction digestion. No significant differences were observed in allele frequencies between the CAD patients and controls. Haplotype analysis showed no differences between the CAD patients and controls. There was a significant difference in the severity of CAD, as assessed by the number of diseased vessels, in MMP-1 1G/1G homozygous individuals and in those homozygous for the 6A allele of the MMP-3 polymorphism. However, multivariate analysis showed that diabetes mellitus was the only variable independently associated with CAD severity. Our findings indicated that MMP polymorphisms have no significant impact on the risk and severity of CAD.
Introduction
Atherosclerosis, the underlying pathology of coronary artery disease (CAD), is a common, multifactorial disorder with both genetic and environmental components. Its heritability is estimated to be 50-60%, but its genetic basis remains incompletely understood (Lusis, 2000) . Matrix metalloproteinases (MMPs) form a family of zinc-dependent enzymes with proteolytic activity against connective tissue proteins such as collagen, proteoglycans and elastin (Visse and Nagase, 2003) . Several lines of evidence have implicated MMPs in both atherogenesis and the precipitation of acute coronary syndromes by regulating connective tissue remodeling, thus determining the volume expansion of the atherosclerotic plaque, its stability and the potential for smooth muscle cell proliferation (Newby, 2005) . Previous studies have found that MMP-1 (interstitial collagenase), MMP-3 (stromelysin-1), MMP-9 (92-kD gelatinase or gelatinase B) and MMP-12 (macrophage metalloelastase) are expressed in atheroma at high levels compared with normal vessel walls (Jones et al., 2003; Newby, 2005) . These MMPs have the capacity to degrade virtually all components of the extracellular matrix in the arterial wall (collagens, elastin, proteoglycans, laminin, fibronectin, etc.) . According to the important role of MMPs in the atherogenesis it has been shown that genetic variation affecting the expression of MMPs influences the susceptibility and progression of various diseases, including cardiovascular diseases (Ye, 2000 (Ye, , 2006 . Expression of MMPs is regulated primarily at the transcriptional level where the promoter of the genes responds to different regulators (Nagase and Woessner, 1999) . Some functional polymorphisms have been described in the regulatory region of MMP genes (Ye, 2000) . Therefore, the aim of the study reported in this paper was to ascertain if polymorphisms in the promoter of MMP-1, MMP-3, MMP-9 and MMP-12 genes are associated with the risk of developing CAD in a Brazilian population of European ancestry.
Subjects and methods

Study population
A total of 183 consecutive and unrelated Brazilian Caucasian individuals admitted for routine angiography, for investigation of chest pain and/or CAD suspected were recruited for the study from the Hemodynamics Service of the Hospital de Clínicas de Porto Alegre (Rio Grande do Sul, Brazil) as described previously (Simon et al., 2003) . Individuals with angiography-proven ≥ 50% stenosis in a major coronary artery or one of their branches constituted the CAD group (116 individuals) and those without angiographically significant lesion constituted the control group (67 individuals). All individuals answered a standard questionnaire concerning their personal history and we recorded demographic and clinical data ( Table 1) . The studied population is descended from Europeans, mainly from Portugal, Spain, Italy and Germany (Salzano and Freire-Maia, 1970) . The study was approved by the Institutional Ethics Committee of the Universidade Luterana do Brasil. All subjects gave written informed consent for a blood sample drawn for DNA extraction to be used in studies approved by the Hospital Ethics Committee. Individuals reporting regular smoking during the last five years were considered to be smokers. Hypertension was defined as present if the mean blood pressure was higher than 140/90 mmHg, or if the patient was already under treatment with antihypertensive drugs at study inclusion. Diabetes mellitus was diagnosed as present if the fasting blood glucose level was ≥ 126 mg dL 
DNA analysis
High-molecular weight DNA was extracted from whole blood using a non-enzymatic technique for DNA analysis (Lahiri and Nurnberger, 1991) and amplified using the polymerase chain reaction (PCR). The -1607 1G/2G MMP-1 polymorphism was analyzed as described by Dunleavey et al. (2000a) , this polymorphism being characterized by the presence of 1 guanine base (1G) or 2 guanine bases (2G). Carriers of the 2G allele seem to have higher MMP-1 activity than carriers of the 1G allele (Rutter et al., 1998) as well a reduced risk of coronary artery disease . The -1171 5A/6A MMP-3 polymorphism was analyzed as described by Dunleavey et al. (2000b) , this polymorphism being characterized by the presence of 5 adenine bases (5A) or 6 adenine bases (6A). Carriers of the 6A allele have lower MMP-3 expression than carriers of the 5A allele (Ye et al., 1996) and a higher coronary atheroma growth (Ye et al., 1995; Humphries et al., 1998; . The -1562 C/T MMP-9 polymorphism was analyzed as described by Morgan et al. (2003) , this polymorphism being caused by a single base change C→T. Carriers of the T allele have higher MMP-9 transcriptional activity than carriers of the C allele (Pollanen et al., 2001 ) and a higher severity to coronary atherosclerosis (Zhang et al., 1999; Pollanen et al., 2001; Morgan et al., 2003) . The -82 A/G MMP-12 polymorphism was analyzed as described by Zhang et al. (2001) , this polymorphism being caused by a single base change A → G. Carriers of the A allele have higher MMP-12 transcriptional activity than carriers of the G allele and higher coronary stenosis (Jormsjo et al., 2000) .
Statistical analysis
Allele frequencies were determined by direct count of the alleles. Departures from Hardy-Weinberg equilibrium and differences between groups were evaluated by the chi-square test. The quantitative variables were compared between groups using the Student t-test or Mann-Whitney non-parametric test when indicated. Haplotype frequencies were determined using the SNPAnalyzer computer software which employs an expectation-maximization algorithm (Yoo et al., 2005) . Comparisons between genotype groups were performed by using unpaired t-tests or chisquare tests, as appropriate. Logistic regression analysis was performed to eliminate confounding factors, and the dependent variable was the number of diseased vessels (single-vessel lesion and two or three-vessel lesion). The independent variables tested were age, body mass index, dyslipidemia, diabetes mellitus, gender, hypertension, 506 Dalepiane et al. 
Results
Clinical and demographic baseline characteristics of the population study are summarized in Table 1 . No significant differences were observed between patients and controls for some CAD risk factors (diabetes mellitus, hypertension, overweight/obesity and smoking), although patients were significantly older and there were more males and dyslipidemics in the patient group than in the control group.
The allele and genotype frequencies of the MMP polymorphisms in CAD patients and controls are presented in Table 2 . The observed genotype frequencies were in Hardy-Weinberg equilibrium in the total sample and in all subgroups. No significant differences were observed in genotype frequencies between the 116 CAD patients and 67 control individuals for any of the polymorphisms analyzed.
Since the MMP-1, MMP-3 and MMP-12 genes are in the same chromosome cluster (11q22.3), haplotype analysis was undertaken and the estimated haplotype frequencies are presented in Table 3 . No significant differences were observed between CAD patients and controls in regard to haplotype frequencies. The haplotype 1G 6A A (MMP-1, MMP-3 and MMP-12 genes, respectively), that carry the risk alleles, showed similar frequencies between patients and controls.
To assess the influence of the MMP genotypes on the severity of coronary atherosclerosis we divided the CAD patient group (n = 116) into two sub-groups, one sub-group containing patients with a single-vessel lesion (n = 40) and the other sub-group containing patients with two (n = 40) or three (n = 36) major epicardial coronary arteries with a > 50% reduction in luminal diameter. The proportion of patients with two or more diseased vessels was significant higher in individuals with the MMP-1 1G/1G genotype (86%) than those with the 1G/2G and 2G/2G genotypes (61%) (p < 0.05). We also observed a significant difference in the severity of CAD in individuals with MMP-3 6A/6A when compared with those with the 5A/6A and 5A/5A genotypes (p < 0.05). No significant association was observed between the MMP-9 and MMP-12 genotypes and CAD severity. Logistic regression analysis was performed to assess the independent influence of MMP-1 and MMP-3 genotypes on the severity of CAD but after adjusting for confounding variables we found that diabetes mellitus was the only variable independently associated with CAD severity (p < 0.05).
Discussion
A major contribution of a single gene is very unlikely for a multifactorial disease such as CAD, where a large number of disease mechanisms results in one clinical out-MMP polymorphisms and CAD 507 come. Several gene polymorphisms of the matrix extracellular system have currently been identified as risk factors for atherosclerosis and/or acute coronary syndromes. In our study, we assessed the potential association between CAD and MMP gene functional polymorphisms on the basis of the relevance of such genes to the pathophysiology of atherosclerosis. Matrix metalloproteinases can be categorized into the several groups, including collagenases (MMP-1), stromelysins (MMP-3), gelatinases (MMP-9), and metalloelastase (MMP-12), with the MMP-1, -3, -9 and -12 genes all having polymorphisms in their promoter regions associated with different transcriptional activity in vitro. Furthermore, three genes (MMP-1, -3 and -12) are located on the same chromosome, allowing haplotype analysis and consequently the association of risk alleles. In our sample of Caucasian Brazilian patients submitted to coronary angiography, no significant differences were observed in genotype frequencies between CAD patients and control subjects for the MMP polymorphisms analyzed. In addition, our results did not show significant association between haplotypes carrying risk-alleles and CAD. Several studies show that MMPs are associated with CAD, but studies with MMP polymorphisms are relatively few and have produced controversial results. The MMP-3 polymorphism is the MMP genetic variant most studied in relation to atherosclerosis. The MMP-3 gene promoter 5A/6A polymorphism has been analyzed in a number of genetic epidemiological studies and there is consistent evidence for the association of this polymorphism with CAD (Ye et al., 1995; Humphries et al., 1998; de Maat et al., 1999; Schwarz et al., 2002; Beyzade et al., 2003; Hirashiki et al., 2003) . However, in our study, we found no association between MMP-3 polymorphism and CAD, although we did observe a significant difference in the severity of CAD in patients with the MMP-3 6A/6A genotype compared with patients with the 5A/6A and 5A/5A genotypes. However, this difference did not remain after multivariate analysis.
Only two studies have been carried out concerning atherosclerosis and the MMP-1 polymorphism, with the results of these studies being controversial. Ghilardi et al. (2002) found that homozygosity for the 2G allele in association with MMP-3 6A homozygosity predicts an increase in the risk of internal carotid artery stenosis. On the other hand, Ye et al. (2003) reported a reduction in the risk of CAD in 2G homozygous individuals. In our study, we found that the number of patients with two or more diseased vessels was significant higher in patients with the MMP-1 1G/1G genotype compared to those with the 1G/2G or 2G/2G genotypes, but this difference did not remain after multivariate analysis.
In respect to MMP-12 polymorphism only one study related to CAD has been published, in which Jormsjo et al. (2000) reported that the MMP-12 polymorphism did not influences coronary artery luminal dimensions in patients who underwent percutaneous transluminal coronary angiography with stent implantation. However, when only diabetic patients were analyzed the G allele was associated with a greater luminal diameter compared with the A allele. In our study, no association was found when the entire patient group or diabetic subset were examined.
Our results were not consistent with the findings from some previous studies of CAD and MMP-9 polymorphism, which found an association between the -1562T allele and coronary atherosclerosis (Zhang et al., 1999; Pollanen et al., 2001; Morgan et al., 2003) . Nevertheless, other studies have also been published which found no association between the MMP-9 polymorphism and the risk of CAD (Blankenberg et al., 2003; Haberbosch and Gardemann, 2005) . However, Haberbosch and Gardemann (2005) showed that patients with the TT genotype had a higher degree of CAD than the other genotypes in subgroups of individuals with high apolipoprotein B levels, high lipoprotein A and/or fibrinogen levels. This suggests that the influence of the MMP-9 genotypes on CAD can be modulate by complex interactions. In this context, contradictory results on the association between the -1562 C/T MMP-9 polymorphism and MMP-9 levels have been reported in the literature. Blankenberg et al. (2003) found that the T allele of this polymorphism was associated with increased MMP-9 plasma levels in patients with CAD, in a fairly codominant fashion. On the other hand, Demacq et al. (2006) found no association between plasma MMP-9 activity and the -1562 C/T genotypes in healthy subjects, suggesting that the polymorphism would contribute to an increased cardiovascular risk under conditions of induced MMP-9 expression.
On the basis of the conflicting results of these association studies, it is possible to assume that the MMP promoter polymorphisms can have some effect on CAD, but this influence may be slight and perhaps restricted to some specific environment-genotype effect. Some studies have presented a smoking-genotype interaction in the risk of CAD in regard to the MMP-3 polymorphism (Humphries et al., 2002; Liu et al., 2003) , while the MMP-12 polymorphism has been shown to be associated with CAD in diabetic patients (Jormsjo et al., 2000) and the MMP-9 polymorphism was reported to be associated with the extent of CAD in individuals with high apolipoprotein B levels, high lipoprotein A plasma concentrations and high fibrinogen levels, or with combinations of increased levels of these coronary risk factors (Haberbosch and Gardemann, 2005) .
It is important to mention that the statistical power to detect differences in the present study may be limited due to the small sample size of the control group. The sample size of CAD patient (n = 116) and control group (n = 67) were large enough to detect differences in odds ratio higher than 3.0 with 90% power at a p < 0.05, but the study was under-powered for detecting small increases in the risk of presenting CAD.
In conclusion, our study found no evidence for MMP gene variations as being independent risk factor for coro- 508 Dalepiane et al.
nary artery disease. Our results indicated that MMP gene polymorphisms probably have no significant impact on the risk and severity of coronary heart disease in the Brazilian Caucasian sample studied.
